The debate over the dating of the Santorini (Thera) volcanic eruption has seen sustained efforts to criticize or challenge the radiocarbon dating of this time horizon. We consider some of the relevant areas of possible movement in the 14 C dating-and, in particular, any plausible mechanisms to support as late (most recent) a date as possible. First, we report and analyze data investigating the scale of apparent possible 14 C offsets (growing season related) in the Aegean-Anatolia-east Mediterranean region (excluding the southern Levant and especially pre-modern, pre-dam Egypt, which is a distinct case), and find no evidence for more than very small possible offsets from several cases. This topic is thus not an explanation for current differences in dating in the Aegean and at best provides only a few years of latitude. Second, we consider some aspects of the accuracy and precision of 14 C dating with respect to the Santorini case. While the existing data appear robust, we nonetheless speculate that examination of the frequency distribution of the 14 C data on short-lived samples from the volcanic destruction level at Akrotiri on Santorini (Thera) may indicate that the average value of the overall data sets is not necessarily the most appropriate 14 C age to use for dating this time horizon. We note the recent paper of Soter (2011), which suggests that in such a volcanic context some (small) age increment may be possible from diffuse CO 2 emissions (the effect is hypothetical at this stage and has not been observed in the field), and that "if short-lived samples from the same stratigraphic horizon yield a wide range of 14 C ages, the lower values may be the least altered by old CO 2 ." In this context, it might be argued that a substantive "low" grouping of 14 C ages observable within the overall 14 C data sets on short-lived samples from the Thera volcanic destruction level centered about 3326-3328 BP is perhaps more representative of the contemporary atmospheric 14 C age (without any volcanic CO 2 contamination). This is a subjective argument (since, in statistical terms, the existing studies using the weighted average remain valid) that looks to support as late a date as reasonable from the 14 C data. The impact of employing this revised 14 C age is discussed. In general, a late 17th century BC date range is found (to remain) to be most likely even if such a late-dating strategy is followed-a late 17th century BC date range is thus a robust finding from the 14 C evidence even allowing for various possible variation factors. However, the possibility of a mid-16th century BC date (within ~1593-1530 cal BC) is increased when compared against previous analyses if the Santorini data are considered in isolation.
INTRODUCTION
For several decades, there has been a vigorous debate concerning a "low" versus "high" date for the Santorini (Thera) volcanic eruption in the Aegean in the mid-2nd millennium BC (e.g. Hardy and Renfrew 1990; Warburton 2009; Manning 2010) . One group of scholars seeks to maintain a traditional, pre-radiocarbon, "low" date range-based on an assessment of the archaeological and arthistorical associations between the Aegean, east Mediterranean, and Egypt-somewhere about 1530-1500 BC or even a little later (e.g. Warren 1984 Warren , 1985 Warren , 1987 Warren , 2009 Warren , 2010 Warren and Hankey 1989; Bietak 2003; Wiener 2006 Wiener , 2009a Wiener ,b, 2010 Bietak and Höflmayer 2007; MacGillivray 2009 ). Whereas, another group of scholars observes that the 14 C data associated with the Santorini eruption indicate an earlier or "high" date for the eruption in the later 17th century BC, and argue that the archaeological and other evidence can also be so reinterpreted (e.g. Betancourt 1987; Manning 1988 Manning , 1999 Manning , 2009 Bronk Ramsey et al. 2004; Friedrich et al. 2006; Manning et al. 2006; Heinemeier et al. 2009; Manning and Kromer 2011a) . In the last decade, this debate has seen sustained efforts to question the 14 C dating related to the Santorini eruption by some critics of the "high" chronology and/or advocates of the "low" chronology, with sug-gestions that one or more factors somehow affected or biased the 14 C dates obtained for this time horizon from the Aegean region or even from the entire east Mediterranean (e.g. Keenan 2002; Bietak 2003; Bietak and Höflmayer 2007; Wiener 2003 Wiener , 2009a Wiener ,b, 2010 .
Claims for large and systematic errors or offsets for 14 C dates relevant to the 3rd, 2nd, or 1st millennia BC east Mediterranean are untenable or incorrectly based (e.g. Manning et al. 2002 Manning et al. , 2010 Dee et al. 2009; Manning and Kromer 2011b) , and recent work has instead demonstrated a very good correlation between sophisticated 14 C dating and standard historical Egyptian chronology through the 2nd millennium BC Manning et al. 2012 ). This does not mean that 2nd millennium BC Egyptian chronology is entirely resolved-indeed there remain several areas for minor debate (e.g. Huber 2011)-but use of the accepted regnal order for the Middle and New Kingdoms, and consideration of 2 mainstream estimates of reign lengths covering a standard higher option and a lower option, integrated with a large 14 C database and a sophisticated analytical framework, leads to a coherent model (data versus known history of atmospheric 14 C levels), and so a timeframe requiring an Egyptian chronology more or less in the range of the standard historically based estimates . 1 With regard to 14 C offsets, the important discovery in the course of the Oxford Project on Radiocarbon Dating and the Egyptian Historical Chronology is the evidence for an apparent and small ~19 ± 5 14 C yr offset relevant to pre-modern, pre-Aswan dam samples growing in Egypt ). This offset, related to the pre-dam hydrological cycle in Egypt that placed the Nile Valley growing season almost at the opposite to the standard Northern Hemisphere spring-summer growing period, offers more or less a maximum possible growing-season-related offset for the mid to lower (nontropics) latitudes of the Northern Hemisphere. It logically does not apply elsewhere in the east Mediterranean (excluding the southern Levant, where there is more of an offset in growing seasons, and so there may be more of a 14 C offset; this is a topic that needs a separate investigation: project in progress), where the typical main growing season is spring to summer and at most only slightly offset from the standard mid-latitude Northern Hemisphere growing season as represented by the trees used for constructing the Northern Hemisphere 14 C calibration curve (Reimer et al. 2009 ). Extending previous work , we investigate in this paper data from tree rings relevant to the likely scale of a possible growing-season-related offset for other areas of the Aegean and east Mediterranean for spring to summer growth to investigate the existence and scale of any apparent offsets, and then consider the possible relevance of such offsets to the Santorini case.
1 Huber (2011:211) accepts that the Bronk study rules out some revisionist low chronologies and questions other extreme views, and he refers to the Bronk Ramsey date ranges in various places, but generally Huber expresses some caution since he sees greater flexibility in some reign lengths than he believes allowed for, and incorrectly states (p 209) that "they [Bronk Ramsey et al.] do not provide details about the sophisticated program used by them to analyze the radiocarbon data." This reflects Huber's lack of knowledge regarding this topic: the OxCal software and the Bayesian approach employed has of course been the subject of extensive publications including a number in Radiocarbon and Huber (or anyone else) can run the Egyptian models of Bronk and try slightly different reign length adjustments according to taste given both the full OxCal runfile code provided in the Supporting Online Material of Bronk Ramsey et al. (http://www.sciencemag.org/content/suppl/2010 Ramsey et al. (http://www.sciencemag.org/content/suppl/ /06/15/328.5985.1554 .DC1/Bronk_Ramsey.SOM.revision.1.pdf) and the open availability of OxCal at http://c14.arch.ox.ac.uk/ (where development history and extensive bibliography are also available). In particular, Bronk in the Supporting Online Material show that their findings are fairly robust, even if reign length uncertainties are increased by a factor of 2, or if the alternative reign lengths of Hornung et al. (2006) are employed, or if the default prior outlier probability (and so uncertainty allowed for) is increased: Figures S2, S3 , and S4. Most of the likely variations in mainstream scholarly opinion thus lie within the range of one or other of the models Bronk present, and so are approximately allowed for.
For the specific case of the dating of the Santorini eruption (and associated contexts), there have been claims that the 14 C data somehow are not representative of the contemporary (mid-latitude Northern Hemisphere) real 14 C age. We review the published data and find it is generally robust (see also Manning and Kromer 2011a) . However, we note the recent paper by Soter (2011) , which "suggests that plants growing in tectonically active areas can assimilate old carbon from the diffuse emission of old CO 2 , either by root uptake in the soil or by photosynthesis in the canopy. Such assimilation may be sufficient to produce detectable 14 C age increments, but it remains to demonstrate whether it actually occurs in the field" (p 66). The Santorini case is clearly implied as a possible instance. The important difference in Soter's discussion of the topic, compared to the previous literature, is that he offers a case for the existence of relatively minor age increments. Previous discussions concerned the typically large and time-varying offsets observed when plant matter grows close to a source of volcanic CO 2 . Most workers had concluded that such gross and typically highly variable effects did not appear evident in the majority of the Santorini 14 C samples relevant to the time of the eruption (i.e. in data obtained on short-lived plant matter from the final volcanic destruction level), since the majority of the data offered relatively similar ages (Friedrich et al. 1990; Heinemeier et al. 2009:288; Manning et al. 2009:300-4) .
However, Soter's suggestion of mechanisms allowing for the possibility of the relevance of a much smaller age increment is a key issue, and returns us very much to the debate at the Third Thera Conference of 1989 between the groups from Simon Fraser University and Oxford University over a claimed, or supposed, relatively minor older age contaminant fraction-or not-in short-lived samples from the volcanic destruction level at Akrotiri, Thera (Housley et al. 1990; Nelson et al. 1990; Manning 1999:232-47) .
In areas potentially affected by a diffuse flux of volcanic CO 2 , Soter concludes by suggesting that "if short-lived samples from the same stratigraphic horizon yield a wide range of 14 C ages, the lower values may be the least altered by old CO 2 " (p 66). In light of Soter's paper, we re-examine the available 14 C data on short-lived samples from the volcanic destruction level on Thera. While noting Soter's caveat that it "remains to demonstrate whether it [a detectable 14 C age increment] actually occurs in the field" (p 66), it is suggested here, by looking at the frequency distributions of the data sets available, that there may (subjective assessment) in fact be evidence of small 14 C age increments affecting some data, and that there is a potentially important substantive set (or clump) of "lower values" that may perhaps be argued to offer a better 14 C age estimate for the volcanic destruction level on Thera-in contrast to the overall set average value (if one wishes to make this subjective argument-i.e. we pursue an even if approach). The impact of employing both this potentially more relevant revised 14 C age estimate, and the likely possible growing-season-related offset factor, are considered in terms of setting the very latest plausible date for the Santorini eruption and the associated archaeological horizon on the basis of 14 C dating.
METHODS
To investigate the scale of possible growing-season-related 14 C offsets relevant to the Aegean-Anatolian-east Mediterranean region (excluding the southern Levant and Egypt), we consider some 14 C time series obtained from tree rings-either of known age or near-absolutely placed-available from the east Mediterranean (see some previous analyses reported in Manning et al. 2010) . All the data employed in the analyses considered in this paper were run at the Heidelberg Radiocarbon Laboratory (for laboratory details, see Kromer et al. 2010:875) . Thus, to begin, we considered the accuracy of 2 sets of Heidelberg Laboratory measurements on known-age German oak versus the IntCal09 data set (Reimer et al. 2009 ) to demonstrate the good agreement of the Heidelberg measurements against IntCal09. The German oak came from the Hohenheim dendrochronology (Friedrich et al. 2004) with the 14 C data employed for the AD period listed in Table 1 , and the data for the BC period taken from Kromer et al. (2010) . We then investigated differences between several time series from east Mediterranean tree-ring samples against the current standard Northern Hemisphere 14 C calibration data set of IntCal09 (Reimer et al. 2009 ). The R function in the OxCal software (Bronk Ramsey 2009b) was employed for these analyses and to produce the plots illustrated. An offset test of 0 ± 20 14 C yr was employed except in one case (see below) and a curve resolution of 1.
Reconsideration of the 14 C dating of Santorini is based on existing published data on short-lived samples relevant to the volcanic destruction level at Akrotiri (Friedrich et al. 2006; Manning et al. 2006; Manning 2009; ). 14 C analysis (modeling) employs OxCal (Bronk Ramsey 1995 , 2008 and IntCal09 (Reimer et al. 2009 ). Several sets of 14 C data on shortlived plant material from the Thera volcanic destruction level from the archaeological site of Akrotiri have been published, with the data fully and readily available (shown in Manning and Kromer 2011a: Figure 1 ). Here, we consider a starting overall set (Set 1) of 43 data, comprising the 28 data employed in the Manning et al. (2006) analysis (see their SOM Table S1 ) and in addition 12 of the University of Pennsylvania data listed in Manning (1988 : Table 4 comprising P-1697 , 1885 , 1888 , 1889 , 1892 , 1894 , 1895 , 2559 , 2560 , 2561 , 2565 , 2791 ) and 3 ETH data from Kutschera and Stadler (2000: Table  2 comprising 3323, 3324) ; then the more selected (on appropriateness and quality grounds) subset of 28 dates (Set 2) employed by Manning et al. (2006) ; and in particular a smaller subset of 25 of these dates (Set 3). Frequency plots of distributions of the midpoints of the 14 C ages for the 43 and 25 date sets (1 and 3) are shown in Figures 9-10 , the latter divided up by species dated.
RESULTS-RADIOCARBON OFFSETS IN THE AEGEAN AND EAST MEDITERRANEAN (OTHER THAN THE NILE HYDROLOGIC ZONE AND SOUTHERN LEVANT)
A comparison of Heidelberg Radiocarbon Laboratory measurements on known-age German oak shows that they compare very closely with the IntCal09 calibration curve in both an AD and BC period test: Figures 1-3 . Of course, this is partly circular as some of these data are incorporated into Figure 1 14 C data measured at the Heidelberg Radiocarbon Laboratory on decadal sections of known-age German oak (GeO) from the Hohenheim dendrochronology (Friedrich et al. 2004) for the period between AD 1314-1869 (n = 56) plotted against the IntCal09 calibration curve (Reimer et al. 2009 ), 1 errors shown. GeO data shown are listed in Table 1. the calibration data set, but in the AD period there are many more data from other sources and yet there is a very close comparison, and in the BC period the Heidelberg data again agree well with a range of data from other laboratories (see also Kromer et al. 2001 : Figure 1 ; Manning and Kromer 2011a : Figures 3-4) . Regardless of circularity, the outcome is that we can assert that Heidelberg Radiocarbon Laboratory measurements compare very closely to the IntCal09 calibration curve. In turn, we can therefore regard comparisons of Heidelberg Radiocarbon Laboratory measurements on other data sets against IntCal09 as a good basis (like to like) to assess the reality and extent of any possible 14 C offsets. Figure 2 Typical output of a consideration of whether there is a systematic regional offset operating when comparing the known-age AD period German oak (GeO) data (see Figure 1 ) measured at Heidelberg Radiocarbon Laboratory against IntCal09 (Reimer et al. 2009 ) with curve resolution set at 1 employing the R function in OxCal with a prior of 0 ± 20 yr (Bronk Ramsey 1995 Bronk Ramsey et al. 2001 ). (Note: bibliographic references for IntCal and OxCal are not repeated in subsequent captions.) The Heidelberg GeO data are for samples centered AD 1316.5 to 1864.5. The analysis finds a tiny (negligible) 14 C offset ( R) of (expressed as the ± ) of 2.5 ± 2.5 14 C yr. The wiggle-match fit places the known-age time series very close to its known date. Thus, the first sample is centered at AD 1316.5 versus a modeled fit with ± of AD 1318 ± 2 and against 68.2% and 95.4% probability ranges of, respectively, AD 1316-1320 and 1315-1320 (note: no cleaning of the sequence for outliers has been undertaken). Figure 3 Typical output of a consideration of whether there is a systematic regional offset operating when comparing known-age German oak (GeO) data covering 1730-1480 BC measured at the Heidelberg Radiocarbon Laboratory ) against IntCal09 with curve resolution set at 1 employing the R function in OxCal with a prior of 0 ± 20 yr. The Heidelberg GeO data are for samples centered 1735 to 1482 BC. The analysis finds a tiny (negligible) 14 C offset ( R) of (expressed as the ± ) -2.8 ± 2.5 14 C yr. The wigglematch fit places the known-age time series extremely close to its known date. Thus, the first sample is centered at 1735 BC versus a modeled fit with ± of 1736 ± 1 BC and against 68.2% and 95.4% probability ranges of, respectively, 1737-1735 and 1739-1733 BC (note: no cleaning of the sequence for outliers has been undertaken). Figures 4-8 show several comparisons of Heidelberg Radiocarbon Laboratory measurements on times series from tree-ring samples from the Aegean-Anatolia-east Mediterranean region. These form a more or less north to south and west to east transect covering in all in approximate rounded terms 40 to 34 N and 27 to 34 E and so much of the eastern Aegean, Anatolia, and the east Mediterranean (excluding the southern Levant). The first comparison, on known-age pine from northwestern Turkey over a 500-yr period from AD 1300-1800 (Figure 4 ), shows very little or negligible apparent offset, with a µ ± , of just ~1.2 ± 2.3 14 C yr. The second comparison, on the older part of the time series from juniper from Gordion covering 378 yr (tree rings) with 44 14 C data in the mid2nd millennium BC, again offers only a very small to negligible apparent offset, with a µ ± , of just 3.6 ± 6.2 14 C yr: Figure 5 . (There is an apparent offset more on the decadal scale when looking at the more recent part of the Gordion time series-see discussions in Manning et al. 2010 -but this reflects specific issues-especially the major solar minimum in the later 9th to mid-8th centuries BC, but also some apparent need for revision to IntCal09 in the 14th-13th centuries BC-and so it is not appropriate for typical periods and situations in the Aegean and east Mediterranean.) Figure 4 Typical output of a consideration of whether there is a systematic regional offset operating when comparing a time series of 14 C data (n = 52) from a known-age Turkish pine tree-ring chronology from NW Turkey between AD 1300-1800 against IntCal09 with curve resolution set at 1 employing the R function in OxCal with a prior of 0 ± 20 yr. The 14 C data are listed in Manning et al. (2010: Table 7 ) and shown in Manning et al. (2010: Figure 13 Upper). Only a very small apparent offset, citing µ ± , of 1.2 ± 2.3 14 C yr is found for the overall set (compare with Manning et al. 2010 : Figure 13 Lower where curve resolution 5 was employed). The third comparison is for 14 C data from a short time series of 7 decades of oak from archaeological excavations at Miletos, western Turkey. The data fit closely to the shape of the calibration curve: Figure 6A . The offset is less constrained for such a small set, and whereas the other comparisons consider an offset test of 0 ± 20 14 C yr, we show just 0 ± 10 yr for the Miletos samples. The apparent offset is again small to negligible (with the SD outweighing any possible small offset found) with ± of ~3.8 ± 8.1 14 C yr (if an offset test of 0 ± 20 14 C yr is employed then this becomes 5.7 ± 15.4 14 C yr): Figure 6B . The fourth comparison is for 17 14 C dates on 12 known-age decadal samples over 130 calendar yr (AD 1801 (AD -1930 ) from a Pinus brutia chronology from the Stavros tis Psokas area, western Cyprus. One measurement stands out as an outlier (datum for the interval AD 1861-1870). With this datum excluded, the apparent offset against IntCal09, citing ± , is about -1.1 ± 3.4 14 C yr (and even with the outlier included it remains small at about -5.0 ± 3.3 14 C yr): Figure 7 . The fifth and final comparison reported here is from 6 14 C dates on 6 known-age samples over 60 calendar yr (AD 1800-1859) from a Cedrus libani chronology from the Bcharre area, Lebanon, against IntCal09. The apparent offset reported is again very small to negligible with ± , ~0.7 ± 6.9 14 C yr. The wiggle-match of the data closely fits the calibration curve in 2 possible places (see Figure 7A ) with the correct known-age fit clearly the most likely (60.4% of total probability versus the alternative at 7.8% probability, taking the most likely 68.2% range in the example shown and with a 0.1 rounding error-in no runs did the likelihoods go below 57.1% versus 11.1%). Table 4 ). Only a very small apparent offset, citing µ ± , of ~3.6 ± 6.2 14 C yr is found for the overall set (compare with Manning et al. 2010 : Figure 7 where curve resolution 5 was employed). The outcome from a typical run is shown; a few runs see slightly larger offsets (to ~5.1 ± 9.2 in runs considered for this paper), but in no case is 0 outside the SD range.
RESULTS-SANTORINI DATA SET AND DATA PATTERN
The 28-date set (set 2) of 14 C measurements on short-lived sample matter from the Akrotiri volcanic destruction level (VDL) employed in the Manning et al. (2006) study passes a chi-squared ( 2 ) test following the Ward and Wilson (1978) approach with a test statistic (T) = 31.5 < 39.9 at 5% level for df27. The weighted average 14 C age is 3345 ± 8 BP. This implies that there is no statistically significant indication of a wider scatter of the data than can be randomly expected (and thus any apparent minor bias in the set is by chance, and yet by chance some such bias has to be present and so can be ignored). Indeed, although the overall 43 date set (set 1) fails a 2 test (this set noticeably has 3 data Figure 6 A. Wiggle-match fit against IntCal09 of the weighted average of 2 14 C measurements on each of seven 11-yr samples from an oak sample from Miletos, western Turkey (Bronk Galimberti et al. 2004; Manning et al. 2006) . Boxes show 68.2% probability ranges Compare Manning et al. (2010: Figure 11) . B. A typical output of a consideration of whether there is a systematic regional offset operating when comparing the Miletos data set against IntCal09 (curve resolution 1) using the R function in OxCal with a prior of 0 ± 10 yr. Only a small to negligible offset is found, ± of ~3.8 ± 8.1 14 C yr. If a larger prior range is employed, e.g. 0 ± 20 yr as in the previous examples, then the possible offset range becomes larger (since this is a very small set of data), -4.4 to 19 at 68.2% probability, but the ± remains similar and relatively small to negligible at ~5.7 ± 15. Table 2 ), shown against (i) the IntCal09 1 calibration curve (gray band), and (ii) the individual raw 14 C data comprising the IntCal09 data set for this period (data from Reimer et al. 2009 ). B. Typical output of a consideration of whether there is a systematic regional offset operating when comparing all the Stavros 14 C data (n = 17) sequenced at the known tree-ring intervals against IntCal09 with curve resolution set at 1 employing the R function in OxCal with a prior of 0 ± 20 yr. C. The same as (B), but excluding the 1 major outlier (even in terms of the raw data in IntCal09)-the datum centered AD 1865.5. The apparent offset with the single outlier removed is very small, citing µ ± , about -1.1 ± 3.4 14 C yr (and even with the outlier included it remains small at about -5.0 ± 3.3 14 C yr).
that are much too old and 3 that are much too recent: see Figure 9 , and Manning and Kromer 2011a: Figure 1 ), even the remaining central 37-date set passes a 2 test with a test statistic (T) = 35.9 < 50.3 at 5% level for df 36. The weighted average 14 C age is 3346 ± 7 BP. If one compares the data on the 2 main sample materials (Lathyrus sp. and Hordeum sp.) from the Oxford, VERA, and Copenhagen laboratory sets (25 data = set 3) (and discounting the 3 now old-in terms of when measurements were made and the laboratory procedures then in place-Heidelberg data on the basis that specific species data are not provided for 2 samples, just "grain," and as the 3 data clearly show far too much scatter (cf. Hubberten et al. 1990 :184)-comprising the oldest and most recent data in the set among their 3 measurements), then we see that we achieve very similar distributions of date estimates: see Figure 10 . The weighted average for the Lathyrus sp. is 3346 ± 13 BP ( 2 test statistic of T = 10.8 < 22.4 at 5% level for df 13), and the weighted average for the Hordeum sp. is 3345 ± 10 BP ( 2 test statistic of T = 8.7 < 16.9 at 5% level for df 9)-in other words there is no difference. The 25-date set combined has a weighted average 14 C age of 3346 ± 8 BP ( 2 test statistic of T = 19.8 < 36.4 at 5% level for df 24). Thus, a priori, there is good reason to use the weighted average 14 C ages of 3345 BP or 3346 BP reviewed in the previous paragraph as the appropriate and best estimate of the correct 14 C age for the short-lived sample material from the Akrotiri VDL (as, for example, in the Manning et al. 2006 study). There is no evidence for an abnormally wide scatter of data looking either at the better quality data (e.g. Set 3) or the central 86% of the overall 43-date set (Set 1). Thus, the criterion for recognizing a possible volcanic increment-affected case suggested by Soter (2011)-"if short-lived samples from the same stratigraphic horizon yield a wide range of 14 C ages [our italics]…"-does not apply in this case. Since the data from the Akrotiri VDL are, in fact, rather coherent, and do not Figure 8 A. Wiggle-match placement of 6 14 C dates on 6 known-age samples over 60 calendar yr (AD 1800-1859) from a Cedrus libani chronology from the Bcharre area, Lebanon, against the IntCal09 1 calibration curve (gray band). The 14 C data for the Bcharre samples are listed in Table 3 . Within the most likely 68.2% probability range (and a small 0.1 rounding error), there are 2 possible wiggle-matches. The most likely one (60.4% of the overall probability) equates with the known age date; the less likely possible fit is older (7.8% of the overall probability). The boxes show the 2 fits and the respective 68.2% probability ranges on the 14 C and calendar timescales. B. Typical output of a consideration of whether there is a systematic regional offset operating when comparing the Bcharre 14 C data (n = 6) sequenced at the known tree-ring intervals against IntCal09 with curve resolution set at 1 employing the R function in OxCal with a prior of 0 ± 20 yr. The apparent offset is very small to zero, citing µ ± , ~0.7 ± 6.9 14 C yr.
exhibit a scatter beyond that expected, it could be further argued that for the Soter suggestion of a possible volcanic-source older age increment to be nonetheless applicable then the effect needs to apply both to the Hordeum sp. and to Lathyrus sp. and so to different (original crop growing) fields and at different heights off the ground, which is perhaps unlikely. Since the 14 C ages on a section of olive wood found buried by the eruption (Friedrich et al. 2006 ) are also consistent with the dating offered by the short-lived samples from Akrotiri (see also Manning et al. 2006 :1588 , Table 8 ), then the olive tree in question (found some distance from Akrotiri and its likely fields) must also have been consistently affected and over a number of years (again seemingly unlikely, especially a stable effect over several years to decades). Hence, it could be argued that a consistent effect has to somehow apply to a large area of pre-eruption Santorini, and over some time period of weeks to months to years to decades, in order to allow the Soter suggestion-and this overall scenario is perhaps rather unlikely (and no such case has yet been observed in the field).
However, despite the strength of the case just reviewed, we offer a brief subjective discussion of whether perhaps some slight (but statistically insignificant) bias might seem to exist and, since this allows the Santorini data to support about the latest possible date they can, we review whether this has any substantive impact on the dating of the Santorini VDL-thus, we pursue an even if case to see where this leads. This argument is based on a visual inspection of the frequency distributions of the 14 C data on short-lived samples from the volcanic destruction level at Akrotiri on Thera (see Figures 9 and 10), and the suggestion that the data might not be symmetrically distributed about their respective mean values. Figures 9 and 10 each indicate what we subjectively define as an apparent "clump" of a good number of tightly grouped data (41.9% and 52% of the data, respectively) that are to the more recent side of the overall set weighted averages discussed above: thus, a weighted average value of the "low clumps" at 3328 BP versus 3345 or 3346 BP and a difference of 17-18 14 C yr. We might also observe that there is more of a long tail in the data to the old side in both Figures 9 and 10. Thus, there are very few more recent data than those in the "low clump," but quite a large range of older ages. This older-age spread and "tail" might be argued to be consonant with some of these samples perhaps exhibiting (some) volcanic CO 2 sourced age increments in line with the Soter (2011) arguments. If so, it is the "low date clump" (e.g. "A" in Figure 9 or the box area in Figure 10 ) that perhaps better reflects the best estimate available for the contemporary atmospheric 14 C age least altered by possible old (volcanic) CO 2 .
This "low date clump" of central values offers weighted average 14 C ages of 3328 ± 9 BP (Figure 9 ) or 3328 ± 10 BP (Figure 10 ). If one further argues only to consider the most modern available data and so only considers the 13 AD2000s data in the Manning et al. (2006) study, then this "low clump" weighted average becomes 3326 ± 11 BP. These values are strikingly similar to the 3325 BP value the Oxford team reported in their 1990 paper if they allowed for the possibility of the reality of an older contaminant factor in their Series I (Housley et al. 1990:213) .
The calibrated calendar age ranges for 3328 ± 9 and 3326 ± 11 BP are shown in Figure 11 . The most likely calendar age ranges are in the 17th century BC (and in particular the subranges 1635-1607 or 1634-1606 cal BC, respectively)-thus, use of the lower 14 C age estimates from the subjectively defined "low date clumps" above does not materially change previous assessments of the 14 C-based dating of the Thera volcanic destruction level that also favored mid-to later 17th century BC ranges (e.g. Manning 1999; Bronk Manning et al. 2006; Friedrich et al. 2006; Friedrich and Heinemeier 2009; Heinemeier et al. 2009 ). However, there is now a noticeably increased possibility for a date in the later 17th century BC, and also for a date in the mid-16th century BC date range when these 14 C ages are considered in isolation (as in Figure 11) . A date range of 1590-1532 cal BC has a 36.2% probability with the date 3328 ± 9 BP (the most likely subrange(s) looking at the 68.2% probability range is 1573-1539 cal BC) and a range 1593-1531 cal BC has a 43.4% probability with the date 3326 ± 11 BP (the most likely subrange looking at the 68.2% probability range is 1575-1537 cal BC). If the lowest of the above "low" 14 C age estimates (3326 ± 11 BP) for the Thera volcanic destruction level is employed in a sequence analysis of Aegean 14 C data from before, contemporary with, and after the Santorini eruption horizon, as in (i) Manning et al. (2006) or (ii) , then the effect of employing the "low" Thera volcanic destruction level set is to concentrate the modeled probability for the Thera volcanic destruction level in the last few decades of the 17th century BC: see Figure 12 . These ranges are a little more recent than previously reported, but remain firmly centered in the later-late 17th century BC, with clear highest probability either 1632-1605 cal BC ( Figure 12A ) or 1626-1612 cal BC ( Figure 12B ). A final issue concerns whether any growing-season-related regional 14 C offset might apply-as reviewed earlier in this paper. The available evidence from the Aegean region suggests that if any such offset exists it is negligible to very small. A possible offset factor ( R) from available data of no more than approximately 4 ± 4 14 C yr was suggested in Manning et al. (2010) and this seems if anything generous based on the evidence reviewed in Figures 4-8 above. Employing such a putative possible offset further pushes the Aegean dates as late as possible. We might nonetheless consider the effect of such a possible plausible offset factor on the analyses reported above and in Figures 11 and 12: see Table 4 . If the "low date clump" Thera volcanic destruction level value is considered in isolation, this further slight reduction in the effective 14 C age starts to make a 16th century BC date range just about as likely as, or even slightly more likely than, the 17th century BC date range. We are of course doing everything subjective (and beyond) possible now to the data in order to achieve as recent a calendar age as we can. The sequence analyses reported in Figure 12 if adjusted by the R of 4 ± 4 are less affected and the slightly lower calendar age ranges still very clearly resolve in favour of dates in the later-late 17th century BC (1632/1624 to 1609/1601 cal BC): see Table 4 .
As a final analysis, we show a revised sequence analysis incorporating (i) the additional charcoal data from late Middle Cycladic to Late Cycladic I Advanced Akrotiri from Maniatis (2010) ; (ii) the lowest of the "low clump" dates for the Akrotiri VDL short-lived samples at 3326 ± 11 BP; (iii) a Tau_Boundary for the Chania data, which has the effect of pushing these data as late as possible; (iv) the Mochlos Late Minoan IB data as in Manning (2009); and (v) a R allowance of 4 ± 4, which appears generous (see above this paper) and again helps push the resultant dates about as low as plausibly possible. The outcome is shown in Figure 13 . This places the most likely 68.2% range for Table 4 Calibrated calendar age ranges calculated for the Akrotiri volcanic destruction level from the analyses shown in Figures 11-12 or similar and as discussed in the text, and the same if a R offset of 4 ± 4 yr is applied as the possible plausible maximum relevant range of a growing-seasonrelated regional offset for the Aegean on the basis of the data in Manning et al. (2010) and as found to be a likely upper-end estimate from the analyses reported in this paper (see Figures 4-8) . Analysis model 68.2% probability 95.4% probability the date of the Akrotiri VDL 1630-1605 cal BC. The 95.4% range (1643-1559 cal BC) now includes the 16th century cal BC, but the main probability is clearly in the last 3 decades of the 17th century BC (see Figure 13 inset), and it noticeable that even now the extreme lowest end of the 95.4% probability range ends ~1559 cal BC-well short of the conventional archaeological date estimates for the date of the Santorini/Thera eruption ~1530-1500 BC. Thus, even this extreme case where we have done just about everything subjectively possible to push for as late a date as plausible does not find the conventional chronology position to be potentially compatible with the 14 C evidence-the 14 C evidence in combination with the archaeological sequence framework instead clearly offers a most likely date for the Akrotiri VDL in the last 3 decades of the 17th century BC. (ii) the lowest of the "low clump" dates for the Akrotiri VDL short-lived samples at 3326 ± 11 BP; (iii) a Tau_Boundary for the Chania data, which has the effect of pushing this as late as possible; (iv) the Mochlos Late Minoan IB data as in Manning (2009); and (v) allowing for a R allowance of 4 ± 4, which appears generous (see above this paper) and again helps push the resultant dates about as low as plausibly possible. Thus, this is a "latest plausible/possible" case study, doing everything reasonable given the available data to get as late a date as possible for the Akrotiri VDL. Calibration data are from OxCal 4.1.7 (Bronk Ramsey 1995 ) and IntCal09 (Reimer et al. 2009 ) with curve resolution set at 5. No outliers are excluded in the analysis shown. The horizontal lines under the probability histograms show the modeled 68.2% probability ranges. The inset shows the modeled age range from this analysis for the Akrotiri VDL. The most likely 68.2% probability range is 1630-1605 cal BC.
DISCUSSION-OFFSETS
The data, both from both known-age and floating time series as reviewed in this paper from the Aegean-Anatolian-east Mediterranean region (excluding the southern Levant and Egypt), show little evidence for any substantive, yet alone significant, offsets for these samples versus the IntCal09 data set: with ± values (see Figures 4-8 ) of 1.2 ± 2.3, 3.6 ± 6.2, 3.8 ± 8.1, -1.6 ± 3.4, and 0.7 ± 6.9 14 C yr. It could argued that the possible Aegean offset factor of around 4 ± 4 14 C yr suggested in Manning et al. (2010) is if anything about a maximum possible factor. The weighted average of the ± offset findings in Figures 4-8 for the Aegean-Anatolian-east Mediterranean region is 0.75 ± 1.72-i.e. effectively 0.
These findings are on the basis of tree-ring data. They are clearly reasonable for these data as typical tree growth (at the relevant moderate to higher elevations) in the Aegean-Anatolian-east Mediterranean region (excluding the southern Levant and Egypt) occurs generally at around the same time as in the rest of the mid-latitude Northern Hemisphere, with at most only a slight offset (sometimes starting slightly earlier in the spring and ending a little earlier in the summer). A legitimate question is whether these tree-ring-based data apply also to field crops from lower elevations ( (Graven et al. 2012) , and the monthly average 14 C values from Schauinsland and Jungfraujoch, Germany (Levin and Kromer 2004) . The 12 14 C measurements from the Heidelberg Radiocarbon laboratory on samples of wheat (nos. 1, 2, 5, 6, 9, 10, 11, 12) and barley (nos. 3, 4, 7, 8) collected in the field (pre-harvest) at sites from southern and central Cyprus are shown in the inset (order by 14 C values obtained for March set, samples 1-5, and then for June set, samples 6-12). For data: see Table 5 . Error bars shown are 1 .
(individual Cyprus data shown in the inset) and Table 5 . We see a general broad correlation. There is of course some variation, but the data from both loci are consistent with the 2004 sampling period (and there is a slight tendency in the Cyprus data for larger values for the spring [March] versus early summer [June] samples). We can also compare the Mauna Loa record with 2 records from Germany from Schauinsland and Jungfraujoch (Levin and Kromer 2004 )-all 3 records partly overlap-and against the Cyprus data: see Figure 14 . Again, while there is a clear trend in the data, there is variation on the short-term scale-but the Cyprus data clearly match within their correct date window and could not be misplaced by more than 1-2 calendar yr. The Cyprus data are from the types of crops providing typical short-lived samples from archaeological contexts and were collected, subjectively, from barley and wheat crops in various states of growth in each of March and June 2004. The implication of this case is that typical summer-harvested crops from the eastern Mediterranean should offer 14 C ages with at most only very small (and thus largely negligible and unimportant) offsets in 14 C age versus those from the contemporary general mid-latitudes of the Northern Hemisphere. And thus, in turn, trees from the eastern Mediterranean region that sample their 14 C content each year over approximately the same spring to summer period should, within small margins, provide an equivalent record-hence, the findings for Aegean-Anatolian-east Mediterranean (excluding the southern Levant and Egypt) offsets above from tree rings should also hold for most summer-harvested crops in the region in approximate terms.
DISCUSSION-SANTORINI DATING
If the subjective decision is made to prefer the (subjectively) observable "low date clump" of Akrotiri volcanic destruction data on short-lived samples as more likely representing the correct contemporary 14 C age of this time horizon-a possible hypothesis following Soter (2011) but one that has not actually been demonstrated-then we find that, in terms of the analysis of a sequence of southern Aegean 14 C data (Figures 12-13 and Table 4), the likely date for the Santorini volcanic eruption horizon lies, in round terms, in the last 3 decades of the 17th century BC. It is important to highlight that such a comprehensive Bayesian approach (i.e. using the approaches summarized in Table 5 14 C measurements from the Heidelberg Radiocarbon laboratory on samples of wheat and barley collected in the field (pre-harvest, in a range of the growth stages available at each sampling period) at sites from southern and central Cyprus, elevations ~25 to 300 m asl. e.g. Bayliss et al. 2007 Bayliss et al. , 2011 Bayliss 2009 ) is the most appropriate and rigorous approach available for such data, and provides both considerable analytical power and robustness in the case of such a detailed sequence analysis. To do the opposite, and to consider 1 date, or group of dates, in isolation, and to ignore the relationships with other data known to be earlier or later (from stratigraphic or archaeological analysis), and especially to further favor an extreme end of a probability distribution in isolation, is inappropriate and/or invalid. It is also important to note how robust the finding in favor of the later/late 17th century BC is for the Akrotiri VDL, whether employing the 14 C data as published/reported, or whether trying to allow for a range of various possible plausible issues (see above, and also Manning and Bronk Ramsey 2003:124-9; Manning et al. 2006 Manning and Kromer 2011a) .
By preferring a late 17th century BC date range, we find a result that is more easily potentially compatible with a revised interpretation of the east Mediterranean archaeological synchronizations (e.g. Kemp and Merrillees 1980; Betancourt 1987; Manning 1988 Manning , 1999 Manning , 2009 Manning et al. 2006; Manning and Kromer 2011a )-whereas an earlier date into the mid-17th century BC causes many more problems and contradictions (see for example the comments of Merrillees 2009: esp. 251). Such a late 17th century BC date range is also consonant with-and more so than a mid-17th century BC date-the relevant Aegean 14 C evidence available excluding the 14 C data from Santorini (Manning et al. 2006 : Table 1 ; Wild et al. 2010; Lindblom and Manning 2011) . The analysis of the Santorini 14 C data in terms of a sequence of 14 C data from before, contemporary with, and after the Santorini eruption horizon is the most appropriate and robust approach (as in Manning 2006 Manning , 2009 , and as now adapted in this paper to consider the possible relevance and impact of favoring, subjectively, the "low date clump" identified in the Akrotiri VDL data as perhaps more relevant to the correct 14 C age of this context). Thus, the late 17th century BC solution appears (to remain) the best, most robust date placement of the Santorini eruption on current evidence (and even doing everything to push for as late a date as plausible). Such a date accords well with the date range suggested for the last growth increment of an olive tree branch plausibly killed and buried by the Santorini eruption (Friedrich et al. 2006; Friedrich and Heinemeier 2009; Manning et al. 2009:312, Table 3; Manning 2010:465; Manning et al. 2010 : Figure 14 , Table 8 ). The ice-core signal that has been argued to be possibly associated with the Santorini eruption (despite criticisms) by Vinther et al. (2006 Vinther et al. ( , 2008 is published as dating ~1642 BC, but an apparent dating problem (unexplained) exists that could see the ice-core date reduced by ~20 yr (Muscheler 2009 ), potentially also placing it into the same time period. (Other associations suggested from tree-ring anomalies [and exactly which ones?], or changes in speleo-them chemistry, might also come into play, but as yet they either lack a definite causal association with Santorini, or have some flexibility in their chronology and, thus, we do not discuss them here: see Manning 2010:466-7.) If, however, one chooses to ignore the Aegean Late Minoan I-II sequence, and the indications that the various phases of the subsequent Late Minoan IB period progressively seem to occupy parts of the mid-and later 16th century BC and earlier to mid-15th century BC (Manning 2009 ; see also Figure 13 above) , then the Santorini evidence considered in isolation employing the "low date clump"-as in Figure 12 -clearly most strongly favors a late 17th century BC date range but does also now permit a mid-16th century BC range with much more probability (36.2% to 43.4% in Figure 11) . And, if in addition, a possible plausible maximum R offset of 4 ± 4 yr is included to help even more, then the 16th century BC date range becomes as likely as, or even more likely than, the 17th century BC date range: Table 4 . Those scholars who would prefer a lower date for the Santorini eruption horizon will undoubtedly seize on this (and ignore the preceding paragraph and the analytical strength and robustness of the Bayesian sequence approach and the need to allow for the clear date placement of the range of Late Minoan IB data). Nonetheless, the notable point is that the possible calendar range ends 1532-1530 cal BC at 95% probability (and 1529-1527 cal BC even at 99.7% probability). Thus, the date of about 1530 BC for the Santorini eruption recently suggested by Warren (2010:394) on the basis of his assessment of the archaeological evidence is at the lowest possible end margin of the 14 C evidence-something that is inherently very unlikely. The 14 C-supported range (even at its margin and doing everything plausible to achieve the most recent age possible) does not run into the mid-1520s BC, let alone to 1500 BC or later (for just a few examples of scholarship arguing for conventional or "low" dates for the Santorini eruption in this post-14 C range, see Bietak 2003; Bietak and Höflmayer 2007; Wiener 2006 Wiener , 2009a Wiener ,b, 2010 MacGillivray 2009 ). This 14 C-based date range, even choosing to select the lowest possible calibrated date, is thus not compatible with the conventional archaeological date assessments for the Santorini eruption from around 1525 to 1500 BC or later. This time range is associated instead with subsequent Late Minoan IB 14 C evidence (Manning 2009 ; see also Figure 13 above). As shown in Figure 13 , the Chania Late Minoan IB data lie in the mid-late 16th century BC, the Late Minoan IB Late destruction at MyrtosPyrgos (i.e. end of Late Minoan IB Late at Myrtos-Pyrgos-with the actual Late Minoan IB Late cultural phase before this point, and before this the earlier part(s) of the overall Late Minoan IB cultural phase) is then placed ~1519-1491 cal BC at 68.2% probability (1526-1465 cal BC at 95.4% probability), and the subsequent Late Minoan IB Final destruction at Mochlos lies at ~1480-1446 cal BC at 68.2% probability (1498-1436 cal BC at 95.4% probability). The mature-late Late Minoan IA Akrotiri VDL cannot also be pushed into the later 16th century BC; it creates an unacceptable conflict of evidence. In reverse, the 14 C placements of the end of the Late Minoan IB period in the earlier to mid-15th century BC, and the Late Minoan II period in the later 15th century BC (see Figure 13) , offer good correspondences with the historically derived dates for the Egyptian contexts with which reasonable numbers of material culture and other exchanges (Aegean to/from Egypt and the Levant) relevant to these periods are associated (Höflmayer 2009; Manning 2009 )-in particular for a transition between Late Minoan IB and Late Minoan II during the reign of Tuthmosis III.
For those who wish to try to hold as close to the conventional "low" archaeological chronology as possible, while accepting the need to try to find some sort of accommodation with the 14 C evidence (even if choosing an unlikely possibility), the available "low"-date option is to try to make a possible plausible argument in favor of a date for the Santorini eruption somewhere in a range from about 1593 to 1530 cal BC (looking at the Santorini evidence in isolation), with the area offering the most plausible (some probability) date closest to the conventional archaeological assessment lying from about 1550 to 1539/1537 cal BC. To employ such a date for the Santorini eruption would still require a substantial revision and rethinking of a number of the conventional Aegean-Egyptian linkages, and especially of viewpoints that place archaeological traits that are at a minimum contemporary with the Santorini eruption, and/or from shortly after it, as lying in the 15th century BC, and in particular from the start of the reign of Tuthmosis III (~1479 BC) (such as are summarized in Bietak 2003; Bietak and Höflmayer 2007; MacGillivray 2009 ). It still broadly requires a 25-to 50-yr rethink and "compromise" Aegean high chronology scenario. It could also lead to the renewal of attempts to link the Santorini eruption with the Tempest Stele of Ahmose (Foster and Ritner 1996) . For some suggestions of a need to indeed rethink the conventional chronology, and the inherent associations and assumptions, see Höflmayer (this volume).
In conclusion, a reappraisal of the Akrotiri volcanic destruction level 14 C data set from short-lived samples, in light of the paper of Soter (2011) , suggests that a dating for the Santorini volcanic eruption in the late 17th century BC remains most likely: in particular somewhere in the last 3 decades of the 17th century BC. This analysis and position gives primacy to the 14 C evidence and the analysis of this in terms of the available stratigraphically defined sequence (thus, the 14 C and archaeolog-ical evidence integrated together). This date range should remain the working hypothesis for those who place weight on the now detailed and sophisticated 14 C chronology available for this period. Moreover, this dating is relatively robust. We also know that sophisticated 14 C dating works very well in Egypt and offers a close match with the historical chronology (Bronk . This means that a sophisticated 14 C-based chronology from the Aegean should provide the appropriate placement of the Aegean and other east Mediterranean archaeological phases and contexts both in calendar time and against the Egyptian historical chronology (Manning and Kromer 2011a) : thus, like against like. 14 C therefore approaches the point where it offers a refined timeframe for the 2nd millennium BC Aegean independent of the various assumptions, interpretations, and stepwise logic transfers inherent in the previous archaeological syntheses and derived chronologies (and especially in cases-like the Middle Minoan III through earlier Late Minoan IB periods-where there are very few import/exports between the Aegean and Egypt and instead much guesswork and assumption).
